Using the model of domain learning as a theoretical framework, the study was designed to examine the extent to which learners' initial learning profiles based on previously acquired knowledge, learning strategy application, and interest-based motivation were distinctive in learning softball. Participants were 177 sixth-graders from three middle schools. A hierarchical cluster analysis was conducted to determine what kinds of learning profiles would result from the interactions among prior knowledge, learning strategies, and interest. The results revealed that individual learners could be classified into subgroups with distinctive learning characteristics. It is supported that learning in physical education is a progressive process that involves both cognitive and affective dimensions. An effective physical education curriculum should address both knowledge and skill acquisition and motivation simultaneously.
Research in education has supported the notion that the interaction of cognitive involvement and motivation directly influences individual choice and willingness to engage in learning tasks and achievement (Pintrich, Marx, & Boyle, 1993) . From an integrated perspective, Alexander, Jetton, and Kulikowich (1995) proposed the model of domain learning to explain the multidimensional interplay of prior knowledge, learning strategies, and interest-based motivation during learning in a subject-matter domain. The model delineates learning as a progression from a lower stage to a higher stage and dependent upon the level of interaction of prior knowledge, learning strategies, and interest in a subject-matter domain. Learning in the physical activity domain has been postulated with similar progressive characteristics that, however, have rarely been investigated from an integrated perspective. The purpose of this study was to examine the model of domain learning by
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The Model of Domain Learning
A subject-matter domain is disciplinary knowledge institutionalized for the purpose of education (Alexander, 1997) . Learning tasks within a domain often share common features and underlying processes. In a subject-matter domain, prior knowledge is broadly described as the knowledge that an individual possesses relative to the specific domain (Alexander, Sperl, Buehl, & Fives, 2004) . Learning strategies are mental operations or techniques that learners use to solve problems or to enhance achievement (Alexander & Jetton, 2000) . Strategies are goal-directed procedures for the completion of a specific task by performing, assessing, and regulating learning behavior.
Learners are expected to put forth effort to learn new knowledge and skills through applying relevant prior knowledge and adopting effective strategies. But the effort is in large part dependent upon the extent to which the learner is motivated to learn in the particular domain. As a primary motivator, interest has been found to play a powerful role in motivating students to learn (Alexander et al., 1995) . Two types of interest have been conceptualized in the model of domain learning: individual interest and situational interest. Individual interest is defined as an individual's relatively enduring predisposition of preference to certain objects, events, and activities. It is based on increased knowledge, positive emotions, and increased value in these activities (Hidi, 2000) . Situational interest, on the other hand, is generated by certain stimulus characteristics in an activity and tends to be shared among individuals. Situational interest is based on a short, tentative relationship between a person and a particular activity at a given moment (Reeve, 1996) . Findings in education (Hidi, 2000) and physical education (Chen & Darst, 2001 ) have supported the idea that interest can attract learners to particular learning tasks, increase engagement time on tasks, improve information storage, and enhance achievement.
A salient characteristic of the model of domain learning is its explicit recognition of learning to be a domain-specific process. Knowledge, learning strategies, and interest are dynamically interrelated components in this process that interact to influence learning outcomes. The interactive relationship is domain unique (Alexander et al., 2004) . In other words, a pattern of interaction among the variables observed in learning a particular knowledge/content may or may not be observable in another. The uniqueness, however, resides in an identifiable common process of learning characterized as progressing from the acclimated or naïve stage, to the competent stage, and potentially, to the proficiency or expertise learning stage.
At the acclimation learning stage, the learner has limited knowledge/skill. Efforts are directed toward constructing a framework of domain knowledge. During this stage, deep-seated individual interest is quite low (Hidi, 2000) . Learners are often concerned with getting through the task. The primary motivator is situational interest that attracts the learner to the learning task, helps the learner to focus on the task, and elicits continuous effort and energy.
At the competency stage, the learner is beginning to master important domain knowledge and skills. Although learners may continue to be attracted by situational interest in a task, individual interest begins to replace situational interest as a major motivator while situational interest is being internalized into individual interest. Effective strategies begin to emerge and become stable in the learner's knowledge structure and help learning effectiveness by tuning and personalizing pieces of new information. Effective learning strategies become the major learning tool for the learner. A competent learner can demonstrate greater comprehension and better performance of the domain knowledge than does a learner in the previous stage (Alexander & Jetton, 2000) .
At the proficiency stage, the learner becomes an expert in applying effective learning strategies for greater learning effectiveness. Individual interest becomes the sole motivator for the learner. The attainment of proficiency calls for the learner to set goals and pursue them primarily by themselves. With increased quantity and quality of domain knowledge, the proficient learner experiences deep comprehension with ease (Alexander & Jetton, 2000) .
Research on the Model of Domain Learning and the Purpose of the Study
The multidimensional, multistage model of domain learning has been studied mostly with samples of college students and conducted in classroom setting. For example, Alexander and Murphy (1998) examined college students' development of knowledge, learning strategies, and interest over an academic semester in learning educational psychology. Their findings support that integrating cognitive processes with motivation is a dominant predictor of learning achievement. The students who began the semester with high individual interest, strategic processing, and with a moderate level of prior domain knowledge were more likely to achieve at a higher level than others. Learning was influenced by the integrated function of prior knowledge, learning strategies, and interest-rather than one factor alone. Similarly, consistent results have been found with learners in immunology (Alexander et al., 1995) and special education (Alexander et al., 2004) . However, the model of domain learning and its functions in K-12 physical education have not been investigated.
Physical education is a subject-matter domain in which students are expected to learn kinesiological knowledge, physical skills, and skill themes about human movement patterns (Allison, Pissanos, Turner, & Law, 2000) . Learning in physical education has rarely been delineated and understood from a multidimensional perspective (Solmon, 2003) . The role of prior knowledge/skill, learning strategies, and motivation are often studied in isolation from each other with distinct theoretical frameworks (Chen, 2001) . Little is known about learner differences in patterns of interactions among knowledge, learning strategies, and interest. The nature of the relations among the cognitive and motivational variables and their interactive effects on learning remains unstudied.
Acquisition of knowledge and skills in physical education is accomplished gradually and characterized by several learning stages (Schmidt & Wrisberg, 2000) , similar to those described in the model of domain learning. Physical education studies have revealed that prior knowledge (Silverman, Subramaniam, & Woods, 1998) , learning strategies (Solmon & Lee, 1996) , and interest (Chen & Shen, 2004) can directly influence students' learning process. The learning characteristics described in the model of domain learning make it possible that the model of domain learning may provide a meaningful, unifying theoretical framework to accommodate knowledge, learning strategies, and interest for a comprehensive and in-depth understanding of learning progression in physical education.
Using the model of domain learning as a theoretical framework, this study was designed to examine the extent to which learners' initial learning profiles based on prior knowledge, learning strategy application, and interest-based motivation were distinctive in learning softball. In addition, because physical education is a discipline with unique content specificity in which learners are not only expected to learn knowledge and skills, but also to learn in a physically active manner (Center for Disease Control and Prevention, 1996) , we also explored the possibility to profile learner characteristics in relation to in-class physical activity at the beginning of the unit.
This study is one of the few attempts to explore the interplay among prior knowledge, learning strategies, and interest in physical education from an integrated theoretical perspective. As Tobias (1994) suggested, educators should move beyond the question of whether or not cognitive and motivational learning factors are related, and should start to focus on the more important, albeit more complex issues of how they relate and how their interactive nature influences learning. The identification of individual learning profiles may enhance our understanding of the interactive function between cognitive involvement and motivation on learning in physical education.
Methods

The Research Settings
Considering the purpose of this study, it was decided that the study should be conducted in physical education programs, where the learning of physical skills, movement concepts, and movement principles was the primary goal of instruction. Specifically, both concepts and skills should be equally emphasized in physical education. In addition, the physical education curriculum should be in line with national and state standards (National Association for Sport and Physical Education [NASPE], 2004) . Tasks and activities in class must be learning-oriented.
Three schools from two counties in the Baltimore and Washington metropolitan area were selected from a pool of potential participating schools. The schools enrolled a total of approximately 2,300 students in the sixth, seventh, and eighth grades at the time of the study. The majority of students came from the middle socioeconomic background and represented a range of ethnic groups: 81.5% Caucasian, 10.3% African, 7% Asian, and 1.2% Latino Americans.
All three schools used a 90-min block, 3-day (A-, B-, C-day) rotating schedule. Students had a physical education class on every third day. Students from the same grade had physical education in the same period. The three participating teachers (one male and two females, one from each school) were full-time, certified physical educators. Their teaching experience levels ranged from 5 to 25 years. The teachers were all active members of the American Alliance for Health, Physical Education, Recreation and Dance (AAHPERD).
Participants
Student participants in this study were 202 sixth-graders selected from nine regular physical education classes in the three schools (three classes in each school). Parental consent forms and student assent forms were received ahead of data collection. Among the 202 students, 25 were unable to complete all the measures owing to absences and other reasons. The final sample consisted of 177 students.
We chose sixth-graders because as first-year middle school students, they are usually experiencing a physical education curriculum that is different from what they had in elementary school. The possible confounding of prior knowledge with grade-related learning content could be minimized. Also, because sixth-grade students have acquired an initial understanding of the value of using learning strategies, they begin to actively use strategies in learning and are capable of expressing their thinking clearly (Paris & Lindauer, 1982) . Our anecdotal observations and interviews with the students support this notion.
Content
Softball was chosen as the content for the study for two reasons. First, softball is a "thinking-oriented" physical activity (Kneer & McCord, 1994) . It involves both cognitive and physical tasks in order to achieve the learning goals. Second, softball is a physical activity to which the sixth-grade students might have had various exposures outside physical education classes. Therefore, the participants might have been at different learning stages where their different degrees of individual interest, skill, and knowledge could be manifested.
The softball units as new content to all the sixth-graders were taught in spring 2004. It was 4 weeks long in all three schools. The class size in the three schools ranged from 27 to 32 students. Major learning tasks at the first lesson of the unit centered on concepts (e.g., basic rules, tactical concepts) and basic skills (e.g., throwing and catching). The concepts and skills were learned through skill practices in groups. The participating teachers were familiar with their students and used both direct and problem-solving instructional methods in teaching.
Variables and Measures
Prior Knowledge. Before the unit began, students' prior knowledge in softball was assessed using (1) a knowledge test that measured students' conceptual understanding of softball and (2) teacher subjective rating on skills. In physical education research, teacher rating of students' skills has been considered an efficient way to measure students' skill levels (Martinek, 1988; Silverman et al., 1998) .
Knowledge was measured using a 14-item multiple-choice test. All items in this test were framed on content from the county's physical education curriculum guide for sixth-graders. As illustrated below, the purpose of this test is to assess students' cognitive knowledge of softball.
Question: A right-handed pitcher will step with the _____ foot as he/she release the ball toward home.
The items in the multiple-choice test were dichotomously scored as correct (1 point) or incorrect (0 point). The maximum score of this test was 14 points.
In order to examine content validity of the softball knowledge test, experienced physical education teachers who did not participate in this study (N = 4, three females and one male, with 10 to 15 years experience of teaching softball) were asked to rate content representativeness (1 = not representative at all, 6 = representative very much) and the language appropriateness for the sixth-graders (1 = not appropriate at all, 6 = appropriate very much) of each item. The range of ratings for each item was from 4 to 6. The mean scores for the content representativeness and language appropriateness were 5.0 and 5.8, respectively, suggesting acceptable validity.
Students' skill was evaluated using teacher subjective rating. The participating teachers were asked to rate each student's overall softball skill level in their own class twice on a 7-point scale (1 = lowest, 7 = highest) based on their perceptions after the first day and the second day of the unit. The intrarater coefficients over the 2-day period were 83%, 85%, and 91% for the three teachers, indicating their ratings were acceptable.
It is worthwhile to notice that although teachers' rating to determine skill level has been used in previous physical education studies, the validity of this measure has not been established. We considered it as a limitation of this study. In future research design, a validated and objective measure should be applied to better assess students' skill performance.
Learning Strategies. Learning strategies were measured using the five-item strategy subscale of Cognitive Process Questionnaire in Physical Education (CPQPE; Solmon & Lee, 1997) . Each item asked students to identify themselves with a described learning behavior and to rate on a 5-point scale, with 1 meaning "not like me at all" and 5 "very much like me." Solmon and Lee (1997) reported an internal consistency coefficient (Cronbach's α) of .66 for the learning strategies subscale for middle school students. In this study, the version of CPQPE was modified with softball replacing physical education to situate the items in the specific topic knowledge of this study. The five items in strategy subscale include, "When the teacher explained a skill, I practiced the skill in my mind," "I talked to myself during practice to help me do better," "I tried to practice skills I learned in softball," "When I was practicing a skill, I tried to think how it is like something I already know," and "I tried to go over right away to perform the skill I learned in softball in my mind." Individual Interest. Individual interest in softball was measured using Physical Activity Interest Survey (Chen & Darst, 2002) . The survey instrument is designed to rate students' individual interest in various physical activities using a 7-point scale (7 = highest interest, 1 = lowest interest). In order to decrease self-determined reference frame for rating, the respondent is asked to identify an activity (any activity) he/she is most interested in and give a rating score of 7 as a reference to compare and rate other activities. According to Tobias (1994) , this measurement context strengthens the possibility that the students interpret the rating scale consistently to better maintain the internal validity of the measure. The survey in this study included 18 physical activities offered in the physical education curriculum.
Situational Interest. Situational interest was measured using a 24-item Situational Interest Scale (Chen, Darst, & Pangrazi, 1999) , which contains a Total Interest subscale and five source dimensions. Students were guided to rate on a 5-point scale (5 = strongly agree, 1 = strongly disagree) in terms of specific learning tasks they were experiencing. According to Chen et al. (1999) , the construct validity of Situational Interest Scale was established for middle school students using a factor analytical approach with exploratory and confirmatory factor loadings ranging from .50 to .90. The reliability coefficient was .95 for the Total Interest subscale. In this study, we used the sum score of the four Total Interest items (20 points) to represent the direct measure of situational interest. These items included, "What we were learning today looked fun to me," "It was fun for me to try what we were learning," "What we were learning was interesting for me to do," and "What we were learning attracted me to participate."
In-Class Physical Activity. Students' in-class physical activity level was measured using Yamax SW-200 Digi-Walker pedometers (Tokyo, Japan), which recorded total steps taken during the lesson. All Digi-Walker pedometers were checked using a walking test and a manual shake test (Vincent & Sidman, 2003) before distributing them to the participants.
Data Collection and Analyses
All the data were collected during regular physical education classes in the three schools. The individual interest survey and knowledge test were administered before the softball unit began. To diminish a potential confounding effect of initial learning profiles with new acquisition of knowledge and skills over the unit, it was decided that situational interest data, learning strategy data, and Digi-Walker data were collected at the end of the first softball lesson.
Pearson product-moment correlations were conducted to investigate general interrelations among different learning variables. To identify groups of learners sharing similar responses on the learning constructs, a hierarchical cluster analysis was conducted to determine what kinds of initial learning profiles would result from the interactions among prior knowledge, learning strategies, and interest. The aim of cluster analysis was to identify homogeneous groups or clusters based on their shared characteristics. It has been suggested that using cluster analysis can strengthen an individual's multifaceted learning pattern and avoid using one single variable's aggregated mean score to stand for the whole set of learning features (Salomon, 1991) .
To examine within-subject response profiles, we used Ward's minimum variance hierarchical clustering technique to conduct the cluster analysis (Lattin, Carroll, & Green, 2004) . Of many cluster analysis approaches, Ward's hierarchical clustering procedure is known to be able to generate groups with the least within-group variance and to maintain effectively the structure of data. Although the Ward's cluster analysis tends to create clusters of small size, its efficiency to recover underlying learning structure in the education domain has been proven by many cluster-based studies (e.g., Alexander & Murphy, 1998; Alexander et al., 2004) . In this method, it is usually that the two closest clusters join together in a sequential and nonoverlapping way at each combining stage. The number of meaningful clusters is determined by identifying the largest distances between cluster groups. Last, a multivariate analysis of variance (MANOVA) was used to test for differences between clusters on the learning variables as well as for differences between the clusters on physical activity level.
Results
Preliminary Analysis
The internal consistency reliability coefficients (Cronbach's α) were .70 for the learning strategy data, .89 for the situational interest data, and .71 for the knowledge test. The α coefficients indicated an acceptable level of reliability for these measures. The indices of skewness for all measures ranged from −.82 to .87, indicating that the assumption of data distribution normality was not violated. The assumption of homogeneity of covariance (Box M) of knowledge, interests, and learning strategies was 52.73, F(42, 78,460) = 1.19, p = 1.84, indicating that the equal covariance assumption was not violated. Overall, the results showed that the data met the assumptions for the statistical analyses chosen.
A MANOVA was conducted to examine school effect on students' responses. That is, whether students' responses differed simply because they were in different schools. The results revealed that there were no significant overall differences among schools with these variables, Wilks's Λ = .93, F(12, 336) = 2.365, p = .097. Therefore, the data from the three schools were combined into one data set for further analyses. Table 1 shows the descriptive statistics for the whole sample and the intercorrelations between the variables. The participants had intermediate scores on knowledge test, teachers' skill rating, and individual interest in softball. Their application of learning strategies at the first lesson was also in an intermediate level. High situational interest score at the first lesson indicated that the participants recognized that the class was situationally interesting. As expected, statistically significant correlations were revealed between knowledge, teachers' skill rating, and individual interest. The situational interest was found to correlate with the learning strategies and individual interest. There were correlations between the learning strategies and individual interest and between the learning strategies and knowledge test score. However, the correlation of the learning strategies with teachers' skill rating was not found. Steps taken at the first lesson were not found to correlate with any other learning variable.
Cluster Analysis
To address the heterogeneity in different learning profiles, we conducted cluster analyses using the five learning variables of prior knowledge, teachers' skill rating, individual interest, the situational interest, and the learning strategies to detect emergent clusters. Teachers' skill rating was included in the analysis because student learning in physical education consists of both knowledge and skills.
To begin Ward's hierarchical clustering procedure, a distance matrix among the variables was computed with the estimation from measures of association. Clusteranalysis results were summarized in a graphical depiction that corresponded to a hierarchical tree generated by the iterative sequence. This method has been shown to be effective in the validation of set clusters in previous studies. In our analysis, two noticeable gaps between identified clusters were found, indicating that the interactive features of the learning variables were distinctive between the clusters. In terms of the result, we classified the learners into three cluster groups.
In order to ensure the validity of the emergent clusters, two additional analyses were conducted to confirm the solutions obtained. First, according to a Lattin et al. (2004) suggestion, a nonhierarchical analysis: k-means clustering method was used to verify the result. This method has been shown to be effective in the validation of set clusters in previous studies (i.e., Wang & Biddle, 2001 ). In the k-means clustering, the initial centroid values were classified as the seed point for the analyses using random iteration. The final centroid values and the cluster sizes were compared to those obtained from the hierarchical method. The results in this study confirmed the three-cluster solution and the profiles corresponded well with those obtained from the original analysis.
Second, according to Alexander et al., (2004) , a discriminant analysis was conducted to examine whether or not the identified clusters had the right configuration of learning variables in terms of the assumption in the model of domain learning. Discriminant analysis is a statistical method that is often used to find combinations of quantitative variables that maximally discriminate between groups (Lattin et al., 2004) . Using knowledge, teachers' skill rating, individual interest, situational interest, and learning strategies as independents, the discriminant analysis showed that 95.0% cluster membership was predicted correctly. Specifically, there were 97.8%, 92.0%, and 97.6% accuracy rates for Clusters 1, 2, and 3, respectively. Overall, the verifications support the three emergent clusters solution. Table 2 summarizes the descriptive statistics of the three clusters. Note. Subscript letters that differ in each row denote which group means are significantly different from one another (a = .05).
Profiles of Cluster Groups
As shown in Table 2 , three clusters were identified from the hierarchical clustering technique. There were 45 students in the Cluster 1. Generally, what characterized this group were their low levels of knowledge, teachers' skill rating, individual interest, and the learning strategies. Cluster 2, by comparison, consisted of 90 students with relatively high knowledge, teachers' skill rating, individual interest, and the learning strategies. Cluster 3 included 42 students with highest scores in the learning variables. To understand the differences among the clusters, we conducted a multivariate analysis of variance (MANOVA) with the cluster groups as the independent variable and knowledge, teachers' skill rating, individual interest, the situational interest, the learning strategies, and the steps taken at the first lesson as the dependent variables. Results of the MANOVA indicated significant overall differences among cluster groups, Wilks's Λ = .32, F(12, 338) = 51.78, p < .01. Univariate follow-ups revealed that the cluster groups were significantly different on knowledge F(2, 174) = 68.98, p < .01, η 2 = .44; individual interest F(2, 174) = 364.37, p < .01, η 2 = .81; teachers' skill rating F(2, 174) = 34.04, p < .01, η 2 = .28; and the learning strategies F(2, 174) = 6.99, p < .01, η 2 = .10. However, neither the situational interest F(2, 174) = 2.09, p > .05 nor the steps F(2, 174) = 1.17, p > .05 were found to be significantly different among the three clusters, indicating that the learners, regardless of their learning stages, had a similar recognition of situational interest and physical activity level at the beginning of the softball unit.
To obtain a better understanding of the significant univariate effects among the three cluster groups, we conducted a series of multiple comparisons with Fisher's LSD procedure to control familywise Type-I error rates. Based on the post hoc analyses, all cluster groups were significantly different from one another with respect to prior knowledge and individual interest in softball. Learners in Cluster 3 had a significantly higher score in teachers' skill rating than did all other clusters, whereas the difference between Clusters 1 and 2 was not significant. Learners in Cluster 1 had a significantly lower score in the application of learning strategies than did all other clusters, whereas the difference between Clusters 2 and 3 was not significant.
Discussion
The purpose of the study was to identify individuals' initial learning profiles in learning softball. The model of domain learning was used as a theoretical framework. According to this model, learning in a specific knowledge domain is a staged process characterized by various, dynamic interactions among prior knowledge, learning strategies, and interest. In this study, we measured learners' prior knowledge, learning strategies, individual and situational interest when they were learning softball in middle-school physical education. The data were analyzed using hierarchical clustering analysis and MANOVA to reveal the interrelations among the variables. The results showed that individual learners could be identified into subgroups with distinctive learning profiles in terms of their prior knowledge, learning strategies, and interest at the beginning of the softball unit.
Classification of Initial Learning Profiles
According to the model of domain learning, learning in a domain should develop gradually from an acclimation stage to a competency stage, and eventually to a proficiency stage. A proficient learner would show a high level of knowledge, deep-strategic processing of information, and high individual interest in the topics in the knowledge domain. It can be assumed that K-12 learners have not achieved at the proficiency or expertise level in any knowledge domains taught to them (Alexander, 1997) . A similar assumption could be made for the learners in this study, and the learners were expected to be at either acclimation or competent level. On the basis of the cluster differences and composition of the clusters, we referred to Clusters 1, 2, and 3 as the early-acclimation, late-acclimation, and competence groups, respectively. These labels suggest the developmental positions within the model of domain learning.
Prior Knowledge and Individual Interest Differences Among the Profiles
As would be assumed from the model of domain learning, learners' knowledge level in a particular domain is usually consistent with the level of their individual interest. Students at different learning stages may differ in terms of their knowledge level and individual interest. In the study, this assumption was supported. The learners at the early-acclimation stage (in Cluster 1) demonstrated the least prior knowledge both on the knowledge test and teachers' skill rating. In comparison with other clusters, this cluster was also characterized by the lowest reported individual interest in softball. The low knowledge accompanied with low individual interest may represent a typical fragmented and incoherent learning profile of acclimated learners (Alexander et al., 1995) . Meanwhile, the late-acclimation learners in Cluster 2 demonstrated significantly higher levels of both prior knowledge and individual interest. That is, learners in this cluster performed better on the knowledge test and reported greater individual interest in softball than the learners in early-acclimation cluster.
However, although individuals in the late-acclimation cluster were more knowledgeable than those in the early-acclimation cluster, their knowledge and interest were still moderate. The means on these measures did not approach the high score value. In addition, there was no significant difference between early-acclimation and late-acclimation clusters in terms of teachers' skill rating. Those in the lateacclimation cluster showed relatively low teachers' skill rating score despite their relatively higher knowledge and individual interest scores. This phenomenon supports the notion that beginning learners' psychomotor development may not always grow simultaneously with their cognitive understanding of the physical activities (Thomas & Thomas, 1994) .
Learners in the competence cluster significantly differ from those in other clusters in prior knowledge and individual interest. They are more knowledgeable and skillful. Further, they reported the highest individual interest among the three clusters. The finding supports that the competent learners' knowledge, skill, and individual interest might have grown together (Alexander et al., 2004) . They had a more coherent and richer learning profile than the learners at the acclimation group to begin with in learning softball.
Learning Process Differences Among the Profiles
Prior knowledge and individual interest can directly influence the learning process. Learners at different learning stages can demonstrate different learning characteristics. The function of prior knowledge and individual interest in learning can be manifested in the application of learning strategies and the recognition of situational interest (Alao & Guthrie, 1999) . When the learners develop from the acclimation learning stage to the competency stage, they are expected to apply more learning strategies and show more interest in class.
The result in the MANOVA supported the influence of knowledge and individual interest on learning strategies. The significant difference between early-acclimation cluster and competence cluster in the application of learning strategies suggests that learners who were knowledgeable and interested in the learning content were more likely to use learning strategies to understand main ideas and concepts than those who were not at the beginning of the unit. The competent learners' cognitive involvement during learning was effortful and planful (Alexander et al., 1995) . For the learners at the early-acclimation learning stage, their low score on the application of strategies indicated that they could not use learning strategies effectively at the beginning. Most of their cognitive efforts were directed toward attending to the skill rather than using learning strategies to reconstruct the knowledge structure (Schmidt & Wrisberg, 2000) .
There was no significant difference between late-acclimation cluster and competency cluster in the application of learning strategies. Specifically, the learners at both clusters applied learning strategies moderately. The learners at the competency cluster did not apply more learning strategies than the learners in the late-acclimation cluster at the first lesson.
A plausible explanation might result from the learning context. Solmon and Lee (1996) argued that the role of learning strategy on high skill and knowledge learners in physical education might depend upon the learning situation. The level of difficulty in the learning task may influence their application of learning strategies. When the content does not provide optimal challenge for the high skill and knowledge learners, learning strategies may not be applied as much as expected during the learning. As a unit for middle school students, the learning tasks at the beginning were introductory in nature and could be viewed by the competent learners as of little challenge. Their moderate ratings on the application of strategies support this explanation.
Situational interest results from the recognition of appealing features associated with a specific learning task (Mitchell, 1993) and can be a significant and viable motivator to facilitate new knowledge learning (Hidi, 2000) . It is assumed that learners with high prior knowledge and individual interest in an activity may be more cognizant about situational interest and its effect than those with low prior knowledge and individual interest (Chen & Darst, 2001 ). However, this assumption was not supported by the result in MANOVA. There were no significant differences among the three clusters. The students in the three clusters all demonstrated a relatively high situational interest at the first lesson.
The low individual interest but the relatively high situational interest shown in the early-acclimation cluster may indicate that acclimated learners can be motivated by situational interest to the learning tasks. The result supports the model of domain learning in that, at the acclimation learning stage, situational interest is a primary motivator for learners to be attracted to learning tasks. It can be reasoned that in a highly situationally interesting learning environment, situational interest may override the unmotivational effect of low individual interest (Shen, Chen, Scrabis, & Tolley, 2003) .
The similar high situational interest was found for the learners at the late-acclimation and competence clusters. The difference, however, is that for these learners, prior individual interest played an equally important role as situational interest did in influencing learning. Evidently, at the late-acclimation and competence learning stages, individual interest began to replace situational interest as a major motivator. The learners, nevertheless, continued to be motivated by situational interest. It can be speculated that the late-acclimation and competent learners are capable of internalizing situational interest into a personally meaningful motivator (Alexander, 1997) . Their high individual interest might help enhance the motivation effect of situational interest associated with learning tasks.
Learning Profiles and In-Class Physical Activity
In physical education, learners are expected to be physically active at a moderateto-vigorous physiological intensity level to receive health benefits from physical activities and to facilitate knowledge acquisition (NASPE, 2004) . Because learning in physical education is often accomplished through physical engagement, we hypothesized that learners' performance profiles might associate with their in-class physical activity level in some way. However, the hypothesized relationships were absent in the data. Physical activity level at the first lesson reflected through the steps was not found to be different among the three clusters. Learners at different clusters had similar steps, suggesting that individual learners' initial learning profiles did not connect with their in-class physical activity at the beginning of the unit directly.
This disconnection might contribute to the specificity of softball learning. Silverman et al. (1998) argued that high skill and knowledge learners are likely to practice with the intensity appropriate for the activity. It is possible that the learners at the competency learning stage might practice at a physiologically efficient state that was sufficient for them to perform well in softball, a low physically intense activity. For the acclimated learners, learning to play softball demands them to acquire highly cognitive understanding of the game, skills, and, more critically, the timing of using appropriate skills. It is likely that for this group of learners, constructing the tactics cognitively became a learning focus more important than becoming fully physically engaged in physical practices. In addition, their low skill level might also prevent them from fully engaging in the physical aspect of the practice. Along with the evidence in other studies showing that the number of steps taken in the class did not associate with learning achievements in different physical education units (e.g., Shen et al., 2003; Shen & Chen, in press ), the study argued that using in-class physical activity level measures (i.e., pedometers) may not be sufficient to reflect students' learning engagement in physical education. A systematic observation study on learners' learning behavior is needed for further understanding this issue.
Conclusion
In summary, this study as an initial exploration offers support for the assumption of the model of domain learning in physical education. By examining students' prior knowledge, interests, learning strategies, and their interactions, the findings reiterate that learning in physical education is a progressive process that involves both cognitive and affective dimensions. It is suggested that an effective physical education curriculum should address both knowledge and skill acquisition and motivation simultaneously. Physical educators should understand that each student in physical education manifests a different learning profile in terms of the interactions of prior knowledge, learning strategy, and interest. Individual students' differences in physical education should be identified, appreciated, and instructionally addressed during their learning process (Alexander & Jetton, 2000) . In future studies, researchers may need to investigate the transforming process of learning profiles from a longitudinal perspective so that physical educators can better conceptualize and carry out their roles on students learning in physical education.
